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DETERMINATION OF METALLIC IMPURITIES 
AT THE P P B - P P M LEVEL IN SODIUM 

by 

T. P. Ramachandran and W. A. Hareland 

ABSTRACT 

A rapid and reliable method has been developed for 
separating and determining 13 trace metals in EBR-II sodium. 
Reactor sodium sampled in a high-purity tantalum cup is 
vacuum-disti l led at 320°C in a quartz distillation unit, and the 
t race metals in the residue are subsequently determined by 
atomic-absorption spectrophotometry. Of 15 metals tested, 
13 remained quantitatively in the distillation residue, while 
zinc and cadmium as well as alkali metals distilled with the 
sodium. Recovery data are presented. 

Approximately 2 hr are required to distill 50 g of 
sodium in the distillation unit. Based on a 50-g sample, the 
following metals may be determined with a relative p rec i 
sion of ±25% at the levels indicated: aluminum, 600 ppb; 
bismuth, 100 ppb; calcium, 20 ppb; cobalt, 20 ppb; copper, 
20 ppb; chromium, 20 ppb; iron, 50 ppb; magnesium, 5 ppb; 
manganese, 5 ppb; molybdenum. 70 ppb; nickel, 50 ppb; lead, 
50 ppb; and tin, 500 ppb, The di3hillation residue is also 
suitable for gamma-ray-spec t romet r ic analysis of fission 
and activation products that do not distill with the sodium. 

I. INTRODUCTION 

Analytical methods capable of reasonably rapid determination of 
t race-e lement impuri t ies in the ppb-ppm range in sodium metal are 
urgently needed for monitoring the liquid-metal coolant in fas t - reac tor 
plants. Monitoring of t r ace-meta l impurit ies in the sodium coolant will 
provide information concerning corrosion of reactor components under 
actual operating conditions. Such information will be of value to reactor 
designers and opera tors . Fur ther , effects of temperature and other 
var iables on corrosion ra tes of mater ia ls of interest may be studied in 
experimental sodium loops, and resul ts of sodium analysis corre la ted 
with observed changes in the test mater ia l s . Routine t r ace -me ta l analysis 
of the sodium coolant may uncover unknown accidental contamination, such 
as the accidental addition of tin and bismuth to the EBR-II sodium coolant 
from the seal troughs. 





Problems involved in collecting representat ive sodium samples and 
analyzing them for t race metals in the ppb-ppm range are rather formi
dable. Both cesium^ and iodine' have been shown to segregate during 
sodium sampling; both elements move to the sodium interface when he 
liquid sodium becomes quiescent before freezing. Since these two ele
ments segregate during sampling, the analyst must assume, m the 
absence of information to the contrary, that other t race elements may also 
segregate. Therefore, only analyses made of the entire sodium sample 
rather than of aliquots can be considered reliable. Contamination 
associated with dissolution of the sodium sample, neutralization of the 
resulting highly alkaline solution, solvent extraction, ion exchange, or 
coprecipitation for separating the t race elements from the sodium matrix, 
has a high probability of introducing significant analytical e r r o r s . In 
addition, an equivalent acid and reagent blank is difficult, if not impossible, 
to prepare . Only limited quantities of sodium can be analyzed conveniently 
by such methods. 

Scarborough et aL^ published a method for determining chromium, 
manganese, iron, cobalt, and nickel in sodium at 0.1-10 ppm. These 
metals were coprecipitated with lanthanum hydroxide from snaall quantities 
of sodium chloride. Carmichael e l aL^ reported vacuum distillation of 
sodium for separating iron, nickel, and chromium for atomic-absorption 
spectrophotometric determination in the range 0.2-4.0 ppm in sodium. 
Approximately 6 hr were required to distill 10 g of sodium for this 
analysis-

An ideal method for determining nonvolatile t race metals in sodium 
would involve collection of a 100-1000-g sodium sample by an overno^ 
technique, in-place separation of the sodium matrix (including Na), by 
vacuum distillation, and t ransport of the residue in the distillation cup to 
the laboratory for analysis. This technique would eliminate Na decay-time 
delay, provide reasonably rapid separation of the highly reactive sodium 
matr ix without exposure to the environment, and give the analyst a sanriple 
for analysis free of contamination from external sources. The feasibility 
of the in-place technique requires laboratory proof that t race metals can 
be successfully separated from sodium by vacuum distillation, and 
analyzed by a rapid and sensitive method. 

This paper describes the determination of 13 nonvolatile t race 
metals in sodium by vacuum distillation followed by atomic-absorption 
analysis of the distillation residue. A sample cup made of high-purity 
tantalum or titanium, selected for induction-heating susceptibility and 
nonreaction with aqua regia, is filled with sodium in an inert atmosphere 
by an overflow technique; the cup is then t ransferred in an inert a tmos
phere to the laboratory vacuum-distil lation unit. Sodium is removed by 
vacuum distillation and the residue prepared in 4% V/V concentrated 
hydrochloric acid-ethyl alcohol for the determination of Al, Ca. Cr, Co, 





Cu, Mg, Mn, Mo, Ni, and F e , and in an aqueous so lven t for the d e t e r m i n 
a t i on of Sn, P b , and Bi by a t o m i c - a b s o r p t i o n s p e c t r o p h o t o m e t r y . 

Al though not c o v e r e d s p e c i f i c a l l y in th i s p a p e r , the d i s t i l l a t i o n 
r e s i d u e i s a l s o usefu l for g a m m a - r a y - s p e c t r o m e t r i c a n a l y s i s of nonvo la 
t i l e f i s s i o n and a c t i v a t i o n p r o d u c t s in the s o d i u m coo lan t of a r e a c t o r . 

II, A P P A R A T U S 

ARGON SUPPLY VALVE 

A. Sampl ing E q u i p m e n t 

Sod ium s a m p l e s for l a b o r a t o r y d i s t i l l a t i o n a r e t aken in cups of 
h i g h - p u r i t y t a n t a l u m or t i t a n i u m in an i n e r t a t m o s p h e r e by an over f low 
t e c h n i q u e . F i g u r e 1 is a s c h e m a t i c d i a g r a m of the s ampl ing d e v i c e . The 

t a n t a l u m cup, c l e a n e d wi th 
h y d r o f l u o r i c ac id and aqua 
r e g i a , i s p l a c e d i n s i d e the 
r e s i s t a n c e - h e a t e d s a m p l i n g 
pot so tha t the in le t s o d i u m 
line ex t ends n e a r the top 
edge of the cup. The 
s a m p l i n g pot i s s e a l e d , 
p u r g e d with a r g o n , and then 
i n s t a l l e d in the s o d i u m -
s a m p l i n g l ine . Sodium in l e t 
and out le t v a l v e s a r e opened , 
and s o d i u m flow i s e s t a b 
l i shed t h r o u g h the t a n t a l u m 
cup at a p p r o x i m a t e l y one 
l i t e r / m i n . A r g o n - g a s 
p r e s s u r e i s ad jus t ed to f o r c e 
the ove r f low s o d i u m to d r a i n 
f r o m the b o t t o m of the pot. 
After sod ium h a s f lowed 
th rough the cup for the 
d e s i r e d p e r i o d , n o r m a l l y 
15 min , the inflow of s o d i u m 
is s topped and the a r g o n 
p r e s s u r e i s ad jus t ed to b low 
any r e s i d u a l s o d i u m f r o m 
the s a m p l i n g pot. The o u t l e t 
va lve is c l o s e d , and the 
h e a t e r s a r e t u r n e d off. 

THERMOCOUPLE 

-RESISTAKCE 
HEATING CABLE 

Fig. 1. Schematic Diagram of Sampling Device. 
ANL Neg. No. ID-103-L5S10. 

After the s o d i u m s a m p l e h a s coo led to a m b i e n t t e m p e r a t u r e , the pot 
i s p r e s s u r i z e d s l igh t ly with a r g o n and d i s c o n n e c t e d f r o m the s a m p l i n g l i ne . 





The entire sampling pot is then carr ied to the laboratory, where it is 
opened in an inert atmosphere, and the sample cup is t ransfer red to the 
distillation equipment. When radioactive sodium from the reactor pr imar 
loop is sampled, the "Na activity is allowed to decay for five days before 
disconnecting the sampling pot from the sampling line. 

B. Distillation Unit 

The distillation unit, shown in Fig, 2, is made of quartz, except for 
the upper stopcock, which is Pyrex. The body of the unit could be also 
made of Pyrex; however, the condenser tube should be quartz. Each 
sample cup has a short, hollow tailpiece which serves two purposes: 
(1) alignment and rigid support on the hollow quartz pedestal in the dist i l
lation unit, and (2) acceptance of the Chromel-Alumel thermocouple, which 
extends through the center of the quartz-tube support. The thermocouple 
penetrates through the bottom of the unit, where it is sealed and reinforced 
with De Khotinsky cement. The quartz condenser tube, which res t s on a 
lower annular cup. fits loosely inside the distillation unit, as shown m Fig. 2. 

211/34 PYREX BALL JOINT 

21i;»0 I PYBEX JOINT 

80-mm-OO QUARTZ' VESSEL 

QUARTZ CONDENSER TUBE 

COPPER SHEATH. 
RESIN FILLED 

[ PYREX MAY BE USEO) 

75 /102 QUARTZ' BALL JOINT 

ANNULAR CONDENSATE CUP 

CHROHEL-ALUMEL 
THERMOCOUPLE LEADS 

Fig. 2. Unit for Sodium Distillation 





The condenser tube provides the surface on which distilled sodium con
denses, and the lower annular cup collects the sodium that flows from the 
condenser tube. Distilled sodium can be removed readily from the disti l
lation unit by removing the condenser tube and the annular cup. Figures 3 
and 4 show the dimensions of the distillation apparatus. 

Figure 5 shows the distillation unit assembled for operation. Induc
tion heating is supplied through a water-cooled copper tube formed into a 
3.5-in.-dia coil, which closely fits the outside of the distillation unit. 
Maximum output of the induction power supply is 2.5 kW at 450 kHz. A 
Pirani gauge is used to measure the vacuum within the system, and the 
distillation tempera ture is recorded on a s t r ip-char t recorder . For safety 
during distillation, the unit is enclosed in an inert atmosphere. 

Fifty grams of sodium can be distilled in approximately 2 hr at a 
temperature of 280-320°C and a p ressure of 1-5 p.. 

OUTER VESSEL 

(TOP) 

OUTER VESSEL 

(BOTTOM) 

15-mm-OO 

Fig. 3. Dimensions of the Distillation Unit 





CONDENSER 

TUBE 

70-miT)-OD 

CONDENSATE 

CUP 
\ 

•28-nim-OD 

n 
182-i'im 

lOS-min 

66-iiim 

56.5-mni 

8.H7-iiim-0D 

-^ 

T 
2S.6-mm 

•. 635-miti-OD 

TANTALUM CUP & T . C . WELL 

Fig. 4. Dimensions of the Condenser System and Tantalum Cup 
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gO-mm-OD 

QUARTZ VESSEL 

CONDENSER TUBE 

INDUCTION 
HEATER 

n 

V 
u 

-TANTALUM CUP 

HIDUCTION COIL 

• THERMOCOUPLE 

•HELIUM 
SUPPLY 

I I I I 1,1 I i| 

RECORDER 
TEMP vs TIME 

Fig. 5. Assembly for Vacuum Distillation. 

ANL Neg. No. ID-103-L5512. 
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C. Analytical Instrumentation 

Solutions prepared from distillation residues are analyzed with a 
Pe rk in -E lmer Model 303 atomic-absorption spectrophotometer equipped 
with a recorder . Pe rk in -E lmer premix burners are used for both nitrous 
oxide-acetylene and air-acetylene flames. For a ir-acetylene flames both 
the t r ip le -s lo t Boling burner head and the single-slot burner head are 
used; the latter head is used for copper analysis only. 

m . REAGENTS AND STANDARDS 

Trans i s to r -g rade nitric and hydrochloric acids are used in p r e 
paring standards and in dissolving residues from distillation. Deionized 
water is used for aqueous dilution, and redistil led absolute ethyl alcohol 
for the preparat ion of alcoholic solutions. 

High-purity aluminum, bismuth, cadmium, copper, cobalt, chro
mium, iron, magnesium, manganese, nickel, tin, zinc, and molybdenum 
metals , and calcium carbonate are used to prepare individual stock stand
ards (1 mg/ml) in 2N hydrochloric acid. The lead standard (1 mg/ml) is 
prepared in 2N nitric acid from high-purity lead metal. 

Aqueous single-element and multielement working standards in the 
desired concentration range are prepared by diluting aliquots of the stock 
standards with 2N hydrochloric acid containing 200 ppm sodium as sodium 
chloride. 

Alcoholic single-element and multielement working standards are 
prepared by evaporating aliquots of aqueous standards to dryness , dis
solving the residue in 4 ml of concentrated hydrochloric acid, and diluting 
to 100 ml with absolute ethyl alcohol containing 200 ppm sodium as NaCl. 
Tin, because of volatilization of HjSnCU during evaporation, is the only 
standard that cannot be prepared in ethyl alcohol. 

IV. ANALYTICAL PROCEDURE 

The tantalum cup containing the sodium sample is placed in the 
distillation unit in an inert a tmosphere, and the unit is then connected to 
the vacuum train. Enough heat is applied to just melt the sodium in the 
cup. The system is then evacuated and the molten sodium allowed to degas 
before further heat is applied. The power is then adjusted so that the ra te 
of tempera ture r i se is approximately 20°c/min until distillation begins. 
The course of the distillation is followed by observing the t empera tu re -
time record , and the temperature is maintained at 280°-320°C. When the 
distillation is complete, the tempera ture r i ses sharply, heating is 
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discontinued, and the system is allowed to cool to room tempera ture . The 
vacuum pump is shut off, and the system is brought to atmospheric p r e s 
sure by bleeding in helium. 

The distillation unit is removed from the vacuum train, and the 
tantalum cup is carefully removed. The residue in the cup is t reated with 
1.5 ml of aqua regia, diluted with 4 ml of water, and heated on a steam 
bath for approximately 5 min. The solution is then t ransfer red to a 25-ml 
volumetric flask with a transfer pipet. and the cup is washed several t imes 
with 2N hydrochloric acid. The sample is then diluted to 25 ml with 2N 
hydrochloric acid. 

Five mi l l i l i te rs of the solution is pipetted from the 25-ml flask aiid 
reserved for analysis of tin. lead, and bismuth in an aqueous medium^ The 
remaining solution is evaporated to dryness. 1 ml of concentrated hydro
chloric acid is added to the residue, and the solution is diluted to volume 
with ethyl alcohol. 

The prepared solution and a procedure blank are analyzed by atomic-
absorption spectrophotometry for the concentration of individual metallic 
constituents. Calibration curves are prepared for each metal from stand
ard solutions of similar composition run concurrently with the sample and 
blank. The total quantity of each t race metal in the unknown solution is 
calculated and reported as ppm in the original sodium sample taken for 
analysis. 

Multielement standards containing appropriate quantities of Ca. Co, 
Cr Cu Fe Mn, Mg, Mo, and Ni in 4% v / v hydrochloric acid-ethyl alcohol 
containing 200 ppm sodium as NaCl are used-for analysis of unknown 
samples prepared in the same solvent. Aqueous standards of Bi Pb. and 
Sn spiked with 200 ppm NaCl are used for analysis of these metals^ Alu
minum is not included in the multielement standards because it enhances 
the absorption of molybdenum and suppresses that of calcium. Aluminum 
is prepared and used as a single-element standard in the alcoholic 
medium. If aluminum is present in sodium samples, its effect on calcium 
can be eliminated by adding lanthanum (100 ppm) to the sample. 

Table I l ists instrumental pa ramete r s used for the various t race 
metals studied in this work. Although these values may not apply to other 
ins t ruments , they may serve as a general guide. 
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Instrumenlal Paramelers lor Atomic Absorption In Alcoholic Medium 

Hollow-cathode 
Lamp Used 

Copper 

Cobalt 

Chromium 

Manganese 

Nickel 

Calcium 

Magnesium 

Aluminum 

Moly1)denum 

Lead 

Bismuth 

Iron 

I jmp Current. 
mA 

30 

30 

30 

30 

30 

16 

18 

18 

Z5 

30 

30 

30 

Wavelength, 

32J7 

2407 

3579 

Z800 

Z320 

4227 

2852 

3093 

3133 

2833 

2231 

2483 

Cadmium 

Zinc 

Burner Type 

SIngle-slol 

Triple-slot 

Triple-slot 

Triple-slot 

Triple-slot 

Triple-slot 

Triple-slot 

Nitrous oxide 

Nitrous oxide 

Triple-slot 

Triple-slot 

Triple-slot 

Nitrous oxide 

Triple-slot 

Triple-slol 

Height of B 
above Burr 

mm 

9 

7 

7 

7 

7 

14 

7 

12 

12 

7 

7 

7 

7 

7 

14 

Flame 
Oxidant-Fuel 

Air-C2H2 

Air-CjH^ 

Air-C2H2 

Alr-CjHj 

Air-C^H^ 

Air-C2H2 

Air-C2H2 

N20-C2H2 

N2O-C2H2 

Air-C2H2 

Air-C2H2 

Air-C2H2 

N2O-C2H2 

Air-C2H2 

Air-C2H2 

Flowmeter Readings, 
Arbitrary Units 

v. DISCUSSION AND RESULTS 

A. Effect of Solvent Composition on Atomic-absorption Measurements of 
Trace Metals 

Fifteen metals (Al, Bi, Ca. Co, Cu, Cr, Fe, Mg, Mn, Mo. Ni, Pb. 
Sn. Zn. and Cd) were studied in both aqueous and alcoholic solution with 
and without sodium present to determine the optimum medium for their 
determination by atomic-absorption techniques. 

In aqueous media, the atomic absorption of Cu (4 ppm), Sn (2 1 ppm). 
Mg (1 ppm), Ni (4 ppm), and Co (4 ppm) was not significantly influenced by 
sodium concentrations between 15 and 5000 ppm of sodium. However. Mn 
(2 ppm), Cr (2 ppm), Pb (10 ppm), Fe (5 ppm), Bi (10 ppm), and Ca (2 ppm) 
in aqueous solution showed a maximum absorption enhancement of 5-10% 
up to 60 ppm of sodium, but then no further change to 2000 ppm of sodium. 
Molybdenum showed a maximum absorption suppression of approximately 
10% absorption up to 100 ppm of sodium, and then no further change to 
2000 ppm of sodium. 

Under our distillation conditions, the residue contains approximately 
5 mg of sodium for 50 g of sodium distilled. If the atomic-absorption 
analysis is to be made on aqueous solutions, 500 ppm of sodium are added 
to all aqueous standards to closely approximate the sodium content of the 
aqueous solutions prepared from distillation residues and minimize e r r o r s 
(10% maximum suppression or enhancement) associated with sodium con
centrat ions. 
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Fur ther study showed that the absorption of trace metals increased 
by a factor of 2 to 3 with no increase in flame noise when they were ana
lyzed in 4% v / v hydrochloric acid-ethyl alcohol compared to the absorption 
obtained in the aqueous medium. Although the influence of sodium concen
tration in the alcohol medium appears to be even less than in the aqueous 
medium, all standards are prepared in 4% v / v hydrochloric acid-ethyl 
alcohol containing 200 ppm sodium to closely approximate the solutions 
prepared from distillation residues. 

The method described under Analytical Procedure uses the alcoholic 
solvent for all t race metals other than tin, bismuth, and lead, since it per
mits analysis at levels approximately one-third to one-half of those obtain
able in an aqueous medium. For samples containing proportionately higher 
concentrations of t race metals , the aqueous medium may be used 
advantageously. 

Table II l ists useful standard calibration ranges and lower limits of 
analysis for the determination of 13 t race metals in sodium. Tin. bismuth 
and lead, included in the table, are analyzed in an aqueous medium. 

TABLE II, Calibration Ranges and Lower Limits of Analysis 

E l e m e n t 

A l u m i n u m 
B i s m u t h 
C a l c i u m 
Coba l t 
C h r o m i u m 
C o p p e r 
I r o n 
M a g n e s i u m 
M a n g a n e s e 
M o l y b d e n u m 
N i c k e l 
L e a d 
T i n 

R.ecovery of 

M e d i u m 

Alcohol ic 
Aqueous 
Alcohol] 
Alcohol 
Alcohol 
Alcohol 
Alcohol 
Alcohol 
Alcohol 
Alcohol 

c 

c 

c 

c 

i c 

i c 

i c 

I C 

Alcohol ic 
Aqueous 
Aqueous 

T r a c e M e t a l 

C a l i b r a t i o n Range : 
M e t a l C o n c e n t r a t i o n . 

p p m 

1 to 10 

0.2 to 2.5 . 
0.04 to 0,12 
0.04 to 0.24 
0.024 to 0.12 
0.04 to 0.24 
0.08 to 0.32 
0.01 to 0.1 
0.008 to 0.048 
0.12 to 0,5 
0,08 to 0.32 
0.1 to 15 
0,8 to 30 

s 

A n a l y t i c a l L i m i t 
a t 

(5 

25% P r e c i s i o n 
0 g of Sodium), 

p p m 

0 . 6 

0 . 1 
0 . 0 2 
0 . 0 2 
0 . 0 2 

0 . 0 2 

0 . 0 5 
0 , 0 0 5 

0 . 0 0 5 

0 . 0 7 

0 . 0 5 
0 . 0 5 

0 . 5 

Recovery studies were made for the 15 metals to establish whether they 
remain quantitatively in the residue from distillation or codistiU with the 
sodium. Of the 15 metals tested only zinc and cadmium distilled with the 
sodium; more than 95% of each of the other 13 metals remained in the 
res idue. 
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Aliquots of standard solutions containing microgram quantities of the 
metal chlorides were pipetted into a tantalum cup and carefully evaporated 
to dryness ; then approximately 10 g of sodium, containing essentially non-
detectable quantities of t race metals , were added to the cup in an inert 
a tmosphere. Sodium reduces all metal chlorides to metals ; however, 
aluminum, calcium, chromium, and magnesium are converted to their 
respective oxides by reaction with the sodium oxide present as a contami
nant in sodium metal . The sodium was distilled and the residue analyzed 
for each t race metal. Since microgram quantities of zinc and cadmium 
appeared to codistiU with the sodium, the test was repeated for these two 
metals using c a r r i e r - f r e e radioactive t r ace r s . The zinc and cadmium 
t r a c e r s were found in the distilled sodium. Tin and iron were also added 
as radioactive t r a c e r s and remained quantitatively in the distillation 
residue. Table III shows the resul ts of the study. 

TABLE III. Recovery of Trace-mei 

Metal 

Aluminum 
Bismuth 
Calcium 
Cadmium 
Cadmium-109 
Chromium 
Cobalt 
Copper 
Iron 
Iron-59 
Lead 
Magnesium 
Mangane se 
Molybdenum 
Nickel 
Tin-113 
Zinc 
Zinc-65 

Micrograms 
Added 

60 
108 

10 
10 

c a r r i e r free 
20 
40 
40 
45 

t race c a r r i e r 
120 

20 
8 

58 
40 

t race c a r r i e r 
10 

c a r r i e r free 

tal Ch lo r id 

Perce 

Exp. 1 

100 
94 

106 
50 

100 
97 

1^1 
99 

100 
100 

96 
100 
101 
103 

98 
60 

es Aoaea t o OUUiU 

:nt Recovered 

Exp. 2 

100 

95 
109 

27 
4 

99 
99 
99 

100 
99 
98 
99 

100 
100 

97 
99 
50 

Exp. 3 

100 

0 

102 
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Note: Approximately 10 g of sodium was added to t race 
metals as chlorides in tantalum cup and vacuum 
distilled. 

The recovery of t race metals in the residue from vacuum distillation 
of sodium was studied further. Microgram quantities of metal powders were 
thoroughly mixed with 50 g of sodium in a titanium cup and then vacuum dis
tilled. Both the residue and the sodium distillate were analyzed for t r ace -
metal content. The distillation residues were dissolved in acid and analyzed 





by atomic absorption. The sodium distillate was dissolved and acidified. 
and the metals after separation by 8-hydroxyquinoline extraction or by 
coprecipitation were determined by atomic absorption against an equivalent 
acid and reagent blank. The residue recoveries were calculated by dividing 
the t race metal found in the residue by the sum of that found in the residue 
and the disti l late. Table IV presents the resul ts of such a recovery study. 

Metal 

Aluminum 

Bismuth 

Calc ium 

Ciiromium 

Cobalt 

Copper 

Iron 

Lead 

Magne s lum 

Manganese 

Molybdenunn 

Nickel 

T i n 

TABLE IV 

E 

T r a c e 

Recovery 

xpe r imen t 1 
m e t a l s add 

powders to 50 g of 

ppm in 
t h e 

Residue 

1,10 

0.20 

0 .4 

0.52 

0,126 

0.80 

0.81 

0.30 

0.31 

0.74 

0.47 

ppm in the 
Dist i l led 
Sodium^ 

x0.03 

n.d. 

n d . 

0.014 

0.006 

0.02 

0.10 

n.d. 

0.005 

n.d. 

0.013 

of 

e d 

so 

T r a c e Metal 

a s 
dium 

P e r c e n t 
Recovery 

in the 
Re sidue 

> 9 7 

100 

100 

97 

95 

9 8 

89 

100 

98 

100 

97 

s Added to Sodium 

Exper iment 2: 

T race me ta l s from 

ppm in 
t h e 

Residue 

2 , 4 

0,11 

0.02 

0.11 

8.2 

19.5 

50 g 
of EBR-II sodium 

ppm in the 
Dist i l led 
Sodiuma 

n.d. 

<0.01 

<0.003 

<0,02 

0,78 

n.d. 

P e r c e n t 

Recovery 
in the 

Re sidue 

100 

> 9 2 

> 8 7 

>85 

91 

100 

aMax imum va lues based on min imum detectable quant i t ies , 

n.d. - not de tec ted . 

The distillation recovery of some of the t race metals present in the 
EBR-II p r imary and secondary sodium was established by distilling a 50-g 
sodium sample; and analyzing both the distilled sodium and th; — ; J - '°^ 
t r a e - m e t a l content. Table IV includes the results of this additional study 
Considering the magnitude of e r ro r involved in the analyses of trace tiietals 
inThe distifled sodium with respect to an equivalent acid and reagent blank, 
the recover ies shown are reasonably good. 

Known quantities of 11 of the metals studied were added simulta
neously to 10 g of sodium. The sodium was vacuum-distilled, and the 
rls^due was analyzed according to the method described under Analytical 
Procedure . Table V shows resul ts of the analysis for two similarly 
spiked samples. 
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TABLE V. Determination of 11 Trace-meta l Chlorides 
Added Simultaneously to Sodium (analysis 

of residue after vacuum distillation) 

Metal 

Bismuth^ 

Calcium 

Chromium 

Copper 

Cobalt 

Iron 

Magnesium 

Manganese 

Lead^-

Nickel 

Tina 

Metal Added. 
ppm in Sodium 

1.08 
0.54 

0,44 
0.8 

0.2 
0.2 

0,4 
0,2 

0.4 
0,2 

0,4 
0.4 

0,2 
0,08 

0.08 
0.04 

1.25 
0.65 

0,4 
0,4 

4.15 
10,45 

Me tal Found, 
ppm in Sodium 

1.19 
0.50 

0.40 
0.88 

0.2 
0.15 

0.46 
0.20 

0.45 
0.21 

0.46 
0.40 

0.23 
0.10 

0.095 
0.040 

1.25 
0.60 

0.4 
0,41 

4.15 
10.7 

aTin, lead, and bismuth are determined by atomic-
absorption spectrophotometry in aqueous medium. 

Residue for analysis provided by vacuum distillation 
of 10 g of sodium spiked with above metals as 
chlorides. 

indi-Results from the recovery test and the spiked sodium samples ir 
cate that distillation of sodium followed by atomic-absorption analysis of 
the residue may be successfully used for the determination of Al, Bi, Ca, 
Cr Co, Cu, Pb, Mg, Mn. Mo. Ni. Fe, and Sn in the ppb-ppm range in sodium. 





C. T r a c e M e t a l s in E B R - I I Sod ium 

The a n a l y t i c a l m e t h o d d e s c r i b e d h a s been app l ied to the a n a l y s i s of 
50-g s a m p l e s of E B R - I I p r i m a r y and s e c o n d a r y sod ium. T a b l e s VI and VII 
l i s t r e s u l t s which a r e t yp i ca l for both the p r i m a r y and the s e c o n d a r y 
sod ium. All l e s s - t h a n v a l u e s r e p r e s e n t the p r a c t i c a l lower l imi t of the 
me thod . A l u m i n u m , coba l t , and m o l y b d e n u m a r e not d e t e c t a b l e in E B R - I I 
s o d i u m . M a n g a n e s e is d e t e c t a b l e a r o u n d 0,005 ppm. 

T A B L E VI. T r a c e M e t a l s in E B R - I I P r i m a r y Sodium 

T r a c e M e t a l s in Sodium, p p m 

M e t a l 7 / 1 1 / 6 9 7 / 2 8 / 6 9 8 / 2 l / 6 9 

A l u m i n u m 
B i s m u t h 
C a l c i u m 
Chrona ium 
Coba l t 
Coppe r 
I r o n 
L e a d 
M a g n e s i u m 
M a n g a n e s e 
M o l y b d e n u m 
N i c k e l 
Tin 

<0 .6 
2.0 
0.09 
0.04 

<0.02 
0.1 
0.25 

10.8 
0.04 

<0 .005 
<0.07 

0.05 
25.6 

<0.6 
2.1 
0.05 
0.025 

<0.02 
0.02 
0.06 

11.7 
0.06 

<0.005 
<0.07 
<0.05 
24.5 

<0.6 

1.8 
0.02 
0.02 

<0.02 
<0.02 

0.14 
11.0 

0.01 
<0.005 
<0.07 
<0.05 
22.4 

T A B L E VII. T r a c e M e t a l s in E B R - I I S e c o n d a r y Sodium 

M e t a l 

A l u m i n u m 
B i s m u t h 
C a l c i u m 
C h r o m i u m 
Coba l t 
C o p p e r 
I ron 
Lead 
M a g n e s i u m 
M a n g a n e s e 
M o l y b d e n u m 
Nicke l 
Tin 

T r a c e 

7 / 1 1 / 6 9 

< 0 . 6 
<0 .1 

0,05 
0,06 

<0 .02 
0.07 
0.8 
0.2 
0.01 

<0 .005 
<0 .07 

0.1 
< 0 . 5 

M e t a l s in Sodium, 

7 / 2 9 / 6 9 

<0.6 
<0.1 
<0.02 

0,035 
<0.02 

0.02 
0.1 
0,7 
0.02 
0.005 

<0,07 
<0.05 
<0.5 

p p m 

8 / 2 1 / 6 9 

<0 ,6 

<0.1 
<0.02 

0,02 
<0.02 
<0.02 

0.1 
0.7 
0.02 
0.008 

<0 ,07 
<0 ,05 
<0 .5 
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Tin and bismuth concentrations in the pr imary sodium are the resul t 
of a postulated seal-trough spill that occurred in July 1965. Copper in the 
pr imary system originated principally from partial dissolution of unclad bus 
bars prior to March 1967.'' The source of the lead is unknown, but lead was 
not present in the as-charged sodium, since the sodium source was the same 
for both sodium systems. 

VI. SUMMARY 

The method described in this paper provides for reasonably rapid 
separation and analysis of 13 trace metals in the ppb-ppm range in reactor 
sodium metal . The method is readily adaptable to analysis of residues from 
in-line distillation, which would remove essentially all the radioactive 
sodium and eliminate the cooling time required for health-physics reasons 
before laboratory distillation. In-line distillation for t race-meta l analysis 
is being actively pursued. 

Since the t race metals are collected from the entire sample, any 
segregation that may occur in the sample is not a problem, as the sample 
is not aliquoted before analysis. 
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